- LAUR V514387 c® ({qsoggo -3

Lummumrm-mmnnmumunmmmu&wwmumw-rm.

TME: INDIRECT MEASUREMENTS OF HYDROGEN: THE DEFICIT METHOD

FOR A MANY-COMPONENT SYSTEM

AUTHOASY  Timothy E. Levine., MST-4

Ning Yu, MST-4
Padma Kodali, MST-4
Kevin C. Walter, MST-4
Michael Nastasi, MST-4
Joseph R. Tesmer, MST-10
Carl J. Maggiore, MST-10
susmiTTeD 0. James W. Mayer, Arizona State University

Presented at the Applications of Ion Beam Analysis
Workshop, Lucas Heighta, Sydney, Feb. 1-3, 1995

By accepiance Of [Rig BriCle. Ine DUDKSNET rECOGAIIES thit the U § GOvErnment retains § noneaciusive roylity-ireg WCense to PUDISH OF reprOOUse
ING DUDKSNed (Orm of thig CONNBULION, OF 10 aHOW others 10 do so. lor US Governmen purposas

The Los Alamos NavONS! LabOretory reQuesis tRat the pubhisher igently this S7IICIe 48 work DEr1OrMEea UNder NG BuSDCes of the U § Depanvmem ot inergy

L Aﬂ ‘ ﬁ ﬁ] Los Alamos National Laboratory
©S @ @ Los Alamos,New Mexico 87545

ST NO. 2620 90t
DISTANITION AE TUI® AAAIIImLT sa e o MA gTFD


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty. express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned righits. Reference herein to anv spe-
¢cific commercial product, process, or service by trade name, trademark, m-.nufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



INDIRECT MEASUREMENTS OF H YDROGEN: THE DEFICIT METHOD
FOR A MANY-COMPONENT SYSTEM

TIMOTHY E. LEVINE', NING YU**, . KODALI"®, K. C. WALTER"®®,

MICHAEL NASTASI"", J. R. TESMER**, C. J. MAGGIORE®", AND JAMES W.
MAYER™"*

*Comell University, Deparunent of Materials Sci. and Engineering, Ithaca, NY 14853
““Los Alamos National Lab., Materials Si. and Tech. Div., Los Alamos, NM 87545

Arizona State Univ., Dept. of Chem., Bio, and Materials Eng., Tempe, AZ 85287
ABSTRACT

We have developed a simple technique for determining hydrogen atomic fraction from
the ion backscanering specromewy (IBS) signals of the remaining species. This
technique uses the surface heights of various IBS signals in the form of a linear mamix
equation. We apply this techmqmtomsmmn.lymofm-beunm:ceddcnnﬁcmm
of sol-gel zirconia tiin films, where hydrogen is the most volatile species during

irradiation. Auendant errors sre discussed with an emphasis on stopping powers and
Bragg's rule.

INTRODUCTION

We have shown previously that sol-gel zirconia thin films can be densified via ion
irradiation instead of conventional heat treatment [1]. The films undergo chemical and
sm;cunﬂchangesduﬁnghadiaﬁonwhichaholudnospeciulm Our interest Lies in
determining the relative rawes of specics loss of these films. Through the use of an
implantation chamber that allows in sim ion beam analysis, the densification
phenomenon can be monitored with minimum variation of experimental parameters (2].

The purpose of this paper is 1o implement a method whereby hydrogen content in a
sample conuining n atomic species can be computed from the ion backscanering
specorum signal heights of the n-1 remaining species. The presence of hydrogen, a
species hidden to IBS, increases the stopping power per unit hydrogen-free target atom
thereby reducing signal heights of the visible species. The 'deficits’ in the signal heights
provide the quantitative informarion necessary for computing the hydrogen content.

Sol-gel zirconia thin films contin five components: zirconium, oxygen, carbon,
hydrogen, and hafnium. Starting with an expression of surface signal heights for each of
the four visible components and using the conservation condition, a system of five
equatons in five unknowns can be written which can then be solved for the atomic
fraction of each component such that

sx=[00001) - x=s"[00001] ()
where s is a stopping power matrix conjugated with the conservation condition, x is

the atomic fraction matrix, such that Xj is the atomic fraction of species j. Each element
of the stopping power matrix, 8 , is given by
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where {e, ] is the stopping power factor taken in the surface energy approximation for
scattring from species i (3] and stopping in species j, 8§, is the Kronecker delta
function, Q is the wtal number of incident particles, Q is the detector solid angle, & is
the channel-to-energy conversion factor, 6, is the entrance angle of the incident beam
with respect to the surface normal, o;(E,) is the scantering cros.-section from species i
evaluared at the incident energy, E_, and H, is the IBS signal surface height of species /.

Since hydrogen is not measurable by IBS then its corresponding height equation is
replaced by the conservation condition, Lx =1

As the sample spectrum consists of four isolated peaks, the arcal density of each
visible species as calculated from the peak area, could be used to reduce the above set of
equatons tc five lincarly dependent equations in one unknown, the atomic fraction of
hydrogen. However only the heights are used here to illustrate the extension of the
method to thicker targets, the depths of which are not probable by the analysis beam.

The uncerainty in a function f can be calculated by varving each experimental
parameter x; by its uncertainity o, and summing in quadrature over all parameters
according to the following approximation:

R (CRIIEVIEE o.-))’ @

Note that 6 in this context is the variance of the function f not the scattering cross-
section used in Eq. (2).

An often overiooked component of uncertainty is not included in Eq. (3), and as such
requires special attention. The accuracy of Bragg's rule predictions of stopping power in
a multi-clement target is an issue that has been thoroughly summarized [4]. As the
results of the test of Bragg's rule are usually in the form of fractionai deviations from the
prediction, we promulgate this ides by scaling its prediction by the same amount. A
summary of relevant literature suggests that 5% is a prudent figure for a typical deviation.

EXPERIMENTAL

A film of soi-gel zirconia was deposited onto a [100]-oriented silicon wafer. A two
cm square picc: of that wafer was installed into the end station of a 200 kV implanter
with an interconnected 3 MV analysis accelerator as described elsewhere [2).

The methodology outlined in Eqs. (1) and (2) was implemenied in MATHCAD using
stopping power data from TRIM. The method was tested against theoretical simulations
from RUMP and direct measurcments using forward recoil energy specrometry (FRES).
The height of the silicon substrate signal was used as & measure of the total integrated
charge-solid angie product.



Uncerminty in the computed hydrogen atomic fraction was computed vusing
appropriate uncertainties for each experimentml paramewer accarding © Eq. (3). For
comparison, the contributions that are associated with random uncerainties, iLe.
variations in beam encrgy, signal heights, and scanering geometry, were distinguished
from those of stopping powers and Bragg's rule predictions. The uncestsinty in stopping
powers was estimated from the anthology of data assembled by Ziegler [5]. Posental
deviations in Bragg's rule were incorporated by decreasing all stopping powers by 5%
and summing the effect on hydrogen atomic fraction in quadrarure as per Eq. (3).

RESULTS/DISCUSSION

The signal heights of a RUMP simulation of an IBS spectrum: were used in Eq. (1)
above, and the computed hydrogen fraction was different by 6% than that simulated.
Further, rrsults of IBS and FRES specus were compared and the hydrogen atomic
fractions calculased were different by 29%, which can be primarily auributed to
uncertainties in stopping powers.

Represenuative IBS spectra colleceed during an implantaton/analysis sequence are
shown in Fig. | 10 illustrate the change of the spectra with ion dosz. From high to low
energy, the peaks of hafnium, zirconium, oxygen, and carbon can be seen, as indicated
by the surface ¢nergy markers. The most obvious change with dose is the increase in the
height of the zirconium peak. Not readily evident is the decrease in height of the oxygen
and carbon peaks and increase in height of the hafnium peak. These changes result from
the loss of oxygen, carbon, and hydrogen from the film during irradiadon. The area of
the zirconium peak and thus the amount of zirconium present remained ostensibly
constant through all experiments.
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Figure 1. IBS spectra of Ar implanted sol-gei zirconia on a Si substrate. Surface
markers are given for Hf, Zr, O, and C.

Twelve IBS spectra, some of which are shown in Fig. 1, ware processed according
Eq. (1) and the hydrogen atomic fraction remaining in the film is given in Figs. 2a and b.
Fig. 2a depicts the results on a linegr plot whereas Fig. 2b shows the same dats replotted
with 8 logarithmic abscissa. In both cases a clear end is seen as hydrogen leaves the
fim. The error bary in Fig. 2a represent contributions from random uncertainges. The



error bars in Fig. 2b however, represent the absolute unceriinty in the computed
hydrogen aomic fraction.

The conclusion from comparison of the two sets of error bars is that this echnique of
computing hydrogen atomic fraction is precise but not accurate. !t is particularly applicable
to systems, such as ion-beam-induced densification of sol-gel zirconia thin films, where
the rame of hydrogen loss is of inserest, with linke concern foc the absoluse value of
compositon. Indeed the majority of the inaccuracy wems from the effect of the unknown
stopping power of cach species of the target and the potential deviations in Bragg's rule.
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Figure 2a. The atomic fraction of Figure 2b. The same dat as in Fig. 2a
hydrogcn versus Ar dose. Error bars replotied on a semi-log plot. The ervor bars
represent random w.acerainty. represent absolute uncertainty.

CONCLUDING REMARKS

We have developed a simple method for computation of hydrogen content in thick
films us.ng only IBS signal heights. The method has been demonstrated for a system
where the rate of hydrogen loss is of more inwrest than the absolute value of
composition. The largest contributors to the absolute uncerminty of the computed
hydrogen atomic fraction are the unceruintes in the stopping powers and the potential
deviation in Bragg's rule predictions. This work was sponsored by the Army Research
Office (R. Reeber, Contract No. DAAL03-89-K-0154). Acknowledgments are due to
Caleb Evans and Mark Hollander of the lon Beam Materials Laboratory at Los Alamos
National Laborato.y. This work supported in part by the U.S. Dept. of Fnergy.
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